Objectives: Insufficient sleep has been associated with impaired recognition of facial emotions. However, previous studies have found inconsistent results, potentially stemming from the type of static picture task used. We therefore examined whether insufficient sleep was associated with decreased emotion recognition ability in two separate studies using a dynamic multimodal task. Methods: Study 1 used a cross-sectional design consisting of 291 participants with questionnaire measures assessing sleep duration and self-reported sleep quality for the previous night. Study 2 used an experimental design involving 181 participants where individuals were quasi-randomized into either a sleepdeprivation (N = 90) or a sleep-control (N = 91) condition. All participants from both studies were tested on the same forced-choice multimodal test of emotion recognition to assess the accuracy of emotion categorization. Results: Sleep duration, self-reported sleep quality (study 1), and sleep deprivation (study 2) did not predict overall emotion recognition accuracy or speed. Similarly, the responses to each of the twelve emotions tested showed no evidence of impaired recognition ability, apart from one positive association suggesting that greater self-reported sleep quality could predict more accurate recognition of disgust (study 1).
INTRODUCTION
Being able to recognize the emotional state of others is vital for successful social interaction. 1 However, humans are not always completely accurate when trying to attribute emotions. 2 These inaccuracies have been found to be amplified in cases of traumatic brain injury, 3 psychiatric or developmental disorders, 4, 5 or, as a recent review suggests, lack of sleep. 6 A number of studies have indicated that sleep loss impairs emotion recognition. For example, 72-120 cumulative hours of sleep loss, following a military exercise, was found to generally decrease the accuracy of correctly categorizing facial emotions. 7 The results were based on classifying cartoon line drawings of faces, where expressions varied on two dimensions: eyebrow and lip positioning. Another study using images taken from the Ekman Pictures of Facial Affect set reported that the ability to recognize complex blends of emotions (e.g., 40% happiness and 60% surprise) was impaired. 8 This conclusion was based on a lack of practice effects, compared with the gradual performance increase seen in the recognition of simple facial emotions during sleep deprivation.
It has been suggested that the impairment in emotion recognition following sleep deprivation is driven by emotion-specific deficits. Following the presentation of happy, sad, and angry faces, sleep-deprived individuals rated angry and happy expressions as being less intense, specifically for faces morphed to be in the moderate intensity range. 9 This effect was reversed after recovery sleep. However, this specific study did not measure recognition in terms of categorization accuracy. Instead, the participants knew which emotion they viewed before rating the strength of emotional valence. Additionally, the effect was only significant for female participants, and the results may be idiosyncratic since only the face of one male individual was used as stimuli.
In a similar study, also using morphed facial stimuli, participants categorized emotions into happy, sad, angry, or fearful using a forced-choice paradigm following one night of sleep deprivation. 10 Sleep-deprived participants were found to be less accurate and slower at categorizing emotions, specifically when attempting to identify sad faces. The effect was larger in morphed faces that were perceptually more difficult to categorize. These results appear inconsistent with the decrease in intensity ratings previously found for angry and happy faces only. 9 Several studies have reported additional variations in results. For example, one night of sleep deprivation led to decreased recognition accuracy for positive and neutral emotional faces, but not for negative ones. 11 A small male-only sample with one night's sleep deprivation reported decreased intensity ratings for disgust but not for other emotions (happiness, sadness, fear, anger, or surprise). 12 The relationship between sleep quality and emotion recognition has also been investigated in a clinical population, showing that accuracy in categorization of emotional faces did not differ for individuals with insomnia (without comorbid psychiatric disturbance) as compared with a nonclinical control group. 13 However, the insomniacs did show a decrease in perceived intensity of sad and fearful faces.
Statement of Significance
The research presented here suggests that, contrary to a number of previous studies, emotion recognition ability is resilient to the effects of insufficient sleep. Study 1 represents the first investigation of this effect in reference to everyday variation in sleep. Study 2 uses a similar sleep-deprivation paradigm as previous studies, but with a significantly larger sample. An important novel addition to this line of research is the dynamic and multimodal test of emotion recognition. Previous studies have used static facial picture stimuli only. The current task provides facial, auditory, and bodily information presented through dynamic multimodal channels.
Overall, evidence regarding the relationship between sleep and emotion recognition accuracy is inconsistent. The studies presented above have used a variety of designs and methodologies, although they have all used static picture stimuli, which were simplified or digitally manipulated. Given the nature of human social interaction, these types of stimuli have been suggested to be sub-optimal measurements of emotion recognition skills, and dynamic stimuli represent a distinct improvement in ecological validity. 14 We aimed to address methodological drawbacks of previous studies by using a dynamic multimodal emotion recognition task, in two large samples. Previous studies have not investigated whether the effects of sleep loss on emotion recognition can be generalized to variations in everyday sleep patterns. Therefore, in study 1, we aimed to establish whether previously shown impairments in emotion recognition could be predicted by normal variations in sleep patterns. Based on previous evidence, it was predicted that as follows: (1) Shorter sleep duration would be related to a decrease in overall emotional recognition accuracy and (2) poorer self-reported sleep quality would be related to a decrease in overall emotional recognition accuracy. The effects of these sleep variables were also investigated for individual emotions without specific predictions. In study 2, we used an experimental paradigm to investigate whether a night of total sleep deprivation would affect emotion recognition the subsequent day. Based on previous experimental sleep-deprivation studies, 10, 12, 15 it was predicted that sleep-deprived participants would show a decrease in overall emotion recognition accuracy. The effect of sleep deprivation was also investigated for each emotion without specific predictions.
STUDY 1: METHODS

Participants
We recruited 291 Swedish-speaking individuals (182 women) with a mean age of 22.95 years (SD = 3.23, range = 18-36) to take part in the study. To be a participant, it was required that individuals reported having normal or corrected-to-normal vision and hearing, and no history of psychiatric illness or substance abuse. This was stated in the recruitment advertisements and all participants confirmed this during booking. Participants were recruited through posters placed on university noticeboards and online (via www.studentkaninen.se). The study was approved by the Regional Ethical Review Board (decision no. 2012/1511-31/2) and each participant received three cinema tickets as compensation for participating.
Measures
Sleep Questionnaire
Participants completed a number of items taken from the Karolinska Sleep Diary to assess sleep the previous night. 16 These items included bedtime (hh:mm), time of awakening (hh:mm), sleep quality ("how did you sleep last night?" very poorly 1-very well 5), and sleep latency (minutes). Total sleep time was calculated as the difference between bedtime and awakening time minus sleep latency time. Self-reported sleep quality was taken from the single item sleep-quality scale, as has been similarly used elsewhere. 17 To assess circadian rhythm factors, general sleep quality, and sleep sufficiency, participants also reported whether they had a morning or evening preference ("Are you a morning or an evening person?" very much morning 1-very much evening 5), how they generally slept ("How do you generally sleep?" very poorly 1-very well 5), and whether they slept sufficiently that night ("Did you sleep long enough?" no, definitely too little 1-5 yes, definitely enough).
Multimodal Emotion Recognition Test
Participants completed the emotion recognition assessment in multiple (ERAM) modalities 18 task. This is a brief emotion recognition test consisting of stimuli from the Geneva Multimodal Emotion Portrayals (GEMEP) corpus, 19 a database of actors portraying specific emotions while pronouncing pseudo-linguistic sentences (e.g., "ne kali bam sud molen!"). Pseudowords are used to avoid any potential confounding effects of linguistic content. The ERAM test uses 72 video clips, portraying 12 different emotions (anxiety, despair, disgust, hot anger, interest, irritation, happiness, panic fear, pleasure, pride, relief, and sadness). Each video shows frontal views of the actor's face and upper torso and provides facial, auditory, and bodily cues of emotion. Ten different actors were shown. The test provides a sensitive and ecologically valid measure of emotion recognition ability, based on previous recognition rates and believability ratings. 19, 20 The items were presented in three conditions: 24 visual-only items, 24 audio-only items, and 24 audio-visual items. Furthermore, each stimulus was either easy or hard to recognize based on standardized accuracy scores 19, 20 (one easy and one hard item were selected for each presentation modality × emotion). The duration of each clip was 1-5 seconds with sound levels normalized within each of the 10 actors. Participants were tested individually using Authorware (Adobe Systems, Inc., San Jose, CA) on computers used to present stimuli and record responses. The stimuli were presented via a 24" LED monitor, and audio was presented though headphones with volume kept constant. The test began with a training session, before presenting video stimuli followed by audio and audio-visual stimuli, in a fixed order. After each stimulus presentation, participants were required to select which emotion best represented the stimulus from a list shown on the screen, using the computer mouse. Response alternatives were the same 12 emotions as the intended expressions of the items. Accuracy and response-time (RT) measurements were recorded for each item. The test took ~15 minutes to complete.
Procedure
Participants first provided informed consent before completing the ERAM task. The session concluded with self-reported questionnaires, including various sleep questions as described above. Participants were tested on the ERAM task throughout the day between 10:25-18:30 (Median 13:06). The total length of one participant session was ~1.5 hours.
Analytic Strategy
The data were analyzed using R 21 with the afex package, 22 the lsmeans package, 23 the multicomp package, 24 and the brms package. 25 Given that the data contained both between-(sleep variables) and within-(modality, emotion, and difficulty) subjects data, a generalized linear mixed effects model (GLMM) was created to investigate the relationship between accurate emotion recognition, self-reported sleep quality, total sleep time, modality, and difficulty. The model included thirteen fixed effects (five main effects and eight interactions): modality, difficulty, sleep quality, total sleep time (TST), emotion, modality*difficulty, modality*sleep quality, modality*TST, difficulty*sleep quality, difficulty*TST, sleep quality*TST, emotion*TST, and emotion*sleep quality. As random effects, we added random intercepts for each participant and for each stimulus. To aid interpretation, total sleep time and self-reported sleep quality were centered by subtracting the overall mean from each value. Main effect p-values were obtained using likelihood ratio tests, where models containing a fixed effect are compared with a model without it. 26 The interaction between self-reported sleep quality, sleep duration, and emotion-specific accuracy was followed up with planned contrasts using Benjamini-Hochberg False Discovery Rate (FDR)-adjusted simultaneous tests for general linear hypotheses. 24, 27 Additionally, in order to make statistical inferences regarding acceptance of the null hypotheses, Bayes Factors (BF) were also estimated. Bayesian methodology holds a number of key benefits over traditional null-hypothesis significance testing. 28 One key benefit of BF is that it can be used to indicate the relative strength of evidence for the null hypotheses, whereas traditional statistics only serve to reject them. 29 More specifically, the BF compares the data under both the null and alternative hypotheses and provides a likelihood ratio for the null hypothesis against the alternative hypothesis, given the data set. The value of BF can vary between 0 and ∞, where a value of 1 suggests that both hypotheses are equally likely. In this study, values over 1 indicate evidence for the null hypothesis and values less than 1 indicate evidence for the alternative hypothesis. The results can be interpreted in terms of guidelines set out by Jeffreys, 30 suggesting that a BF greater than 3 or less than 0.33 provides substantive evidence. A BF between these values suggests that there is not enough data to strongly support either hypothesis. 29 Bayes factors were estimated via a Bayesian GLMM. Fixed effects were dummy coded and each coefficient was compared with a baseline value using treatment contrasts. Given that the factor "emotion" has no obvious baseline, it was not included in this model. Bayes factors for specific emotions were calculated by creating separate Bayesian GLMMs for each emotion and analyzing the effect of either self-reported sleep quality or sleep duration. All fixed effects in the Bayesian models had specified priors of a normal distribution with a mean of 0 and a standard deviation of 2. The standard deviation of the random effects was given a half cauchy prior with 0 degrees of freedom and a scale of 5.
The same analyses were also run using reaction time as the dependent variable in a linear mixed model (see Supplementary  Tables S1-S5 ). The confusion matrix for the ERAM test can be seen in Table S6 .
STUDY 2: METHODS
Participants
We recruited 181 individuals (103 women) with a mean age of 25.32 (SD = 6.51) who completed the study. All participants were between 18 and 45 years old. Participants were randomly assigned to either a night of total sleep deprivation at the lab (n = 90) or to a night of normal sleep in their own homes (n = 91). An additional participant was initially assigned to the sleep deprivation condition, but left the study before the ERAM task due to extreme tiredness. All interested candidates were asked to complete an extensive online screening questionnaire prior to the study. Exclusion criteria included poor sleep quality, extreme difficulties falling asleep or waking up, regularly getting too little sleep (under 6 hours), a sleep need outside 7-9 hours per night, restless legs, taking sleep medicine, relevant medical conditions such as psychiatric problems, current everyday use of tobacco, regular alcohol consumption, high coffee consumption (>7 cups per day), inability to abstain from coffee, high score on autistic type traits, visit to a country three or more time zones away in the prior three weeks, and having previously studied psychology. In addition, obese participants (BMI ≥ 30) filled out the Epworth Sleepiness Scale 31 and the STOP-BANG questionnaire 32 to screen for daytime sleepiness and sleep apnea. Participants were recruited from the region around Stockholm, Sweden. The study was approved by the Regional Ethical Review Board (decision no. 2014/1766-32), and participants were financially compensated for their participation.
Procedure
Each participant wore an actigraph (GeneActiv Sleep, Activinsights Ltd., Kimbolton, UK) on their non-dominant wrist and was asked to keep a daily sleep diary for three days before the test day. These were used to increase compliance with the instructions to sleep 8 hours each night, turning off the light at 23.00 ± 60 minutes and getting up 07.00 ± 60 minutes. Participants were asked to avoid naps for 4 days before the test day, to abstain from alcohol, and not drink caffeinated drinks later than the morning of the day before the test day.
On the day before the emotion recognition test, participants were informed via telephone whether they would be required to come to the lab at 10 pm that night, or to sleep at home and arrive at 10 am the following day. Allowing participants to sleep at home rather than in the lab ensured better quality sleep for the control group. [33] [34] [35] Sleep condition was quasi-randomized for all participants, keeping an equal number of participants within each group, with an equal sex distribution.
During sleep deprivation, participants were kept in a light-controlled sleep lab and free to choose their activities (e.g., watch a film, read, or use the computer). A research assistant was with the participant at all times to ensure that they stayed awake. Low-sugar food was provided if the participant was hungry, and a morning walk was taken to simulate the journey from the home to the lab.
The test day following the night of sleep deprivation consisted of multiple tests, the results of which are to be published separately. The ERAM test was run at ~16:15h, meaning that participants in the sleep-deprivation condition had been awake for ~32-34 hours, whereas those in the normal sleep condition had been awake for ~7-9 hours. This is similar to times used in related studies, 9, 10 and previous research has shown that cognitive performance is impaired in the afternoon following sleep deprivation. 36, 37 The test was preceded by a 10-minute break to decrease any previous task-induced fatigue. The stimuli were presented via a 17" LED monitor, and audio was presented through headphones with volume kept constant. Immediately after the task, participants rated their self-reported sleepiness.
Self-Reported Sleepiness and Simple Reaction Times
Participants rated their self-reported sleepiness on the Karolinska Sleepiness Scale (KSS) 38 immediately following the ERAM task. This is a single item measure of state sleepiness ranging from 1 = "extremely alert" to 9 = "very sleepy, great effort to keep alert, fighting sleep." Additionally, 30 minutes following the ERAM task, participants completed a simple two-minute reaction task on their own mobile phone using an online application. Each individual was asked to press the touch screen as quickly as possible after the presentation of a letter "p" stimulus.
Analytic Strategy
As in study 1, a GLMM was created to investigate how well sleep condition (sleep deprivation vs. normal sleep), modality, emotion, and difficulty could predict emotion recognition. The model included eight fixed effects (four main effects and four interactions): sleep deprivation, modality, difficulty, emotion, modality*difficulty, modality*sleep deprivation, difficulty*sleep deprivation, and emotion*sleep deprivation. As random effects, we added random intercepts for each participant and each stimulus. p-Values were obtained using likelihood ratio tests, whereas models containing a fixed effect are compared with a model without it. The interaction between sleep deprivation and emotion was followed up using FDR-adjusted planned contrasts with predicted marginal means. 23 Bayes factors were estimated through Bayesian GLM modeling using the same protocol as in study 1.
The same analyses were also run using reaction time as the dependent variable in a linear mixed model (see supplementary tables S7-S11). The confusion matrix for the ERAM test in study 2 can be seen in Supplementary Table S12.
STUDY 1: RESULTS
Mixed Model Analysis
Descriptive statistics are shown in Table 1 , and the results of the model are shown in Table 2 . A model showing the effect of all sleep diary measures on recognition accuracy can be found in Table S13 and mean accuracy for individual emotions can be found in Table S2 . There were significant main effects of modality, difficulty, and emotion on the accuracy of emotion recognition. Audio-visual items showed higher accuracy scores than visual-only items (b = 0.61, z = 2.79, p = .02). Visualonly items did not show significantly distinguishable accuracy from audio-only items (b = 0.22, z = 1.01, p = .57). Easy items showed greater accuracy than hard items (b = 1.04, z = 5.83, p < .001). There were no main effects of total sleep duration or self-reported sleep quality. Self-reported sleep quality showed a significant interaction effect with emotion. Self-reported sleep quality was found to be positively associated with accuracy of recognizing disgust (see Table 3 ). No other emotions showed significant associations, and no interaction was found between sleep duration and emotion. Regarding reaction time, no main effects were observed for sleep duration or self-reported sleep quality; however, a significant interaction was found between both self-reported sleep quality and sleep duration with emotion. Reaction time decreased with longer sleep duration for irritation items, and reaction time increased with greater self-reported sleep quality for sadness items (see Tables S1-S5) .
Mean (SD)
Bayesian Analysis
We found very strong support for the null hypothesis regarding the impact of total sleep time, and strong support for the null hypothesis regarding self-reported sleep quality, on overall emotion recognition accuracy (see Table 4 ). The BF estimates suggest that the data are 45:1 in favour of the null hypothesis for sleep duration, or rather 45 times more likely to occur under a model where sleep duration has no effect. Similarly, the data are 5 times more likely to occur under a model where self-reported sleep quality has no effect. Interactions between self-reported sleep quality, sleep duration, modality, or difficulty were also found to support the null hypotheses.
Bayesian analysis of emotion-specific effects revealed consistent support for the null hypotheses for all emotions, except for the impact of sleep quality on recognition of disgust (see Table 3 ). Testing of the null hypothesis that the association between sleep quality and disgust is zero, revealed a BF of 0.30, suggesting that the data rather favor its alternative.
STUDY 2: RESULTS
On the night prior to testing, participants in the control condition were in bed for 8:18 hours on average (SD = 44.52 minutes) and slept for 7:51 hours (SD = 54.03 minutes). Immediately following the ERAM task, sleep-deprived participants reported being significantly more sleepy on the Karolinska Sleepiness Scale (M = 5.49, SD = 1.94) compared with control participants (M = 3.32, SD = 1.08), [t(138.10) = −9.27, p < .001]. In addition, on the simple reaction time test, sleep-deprived individuals had significantly slower reaction times (M = 557.18, SD = 246.49) than control participants (M = 502.41, SD = 160.32), [t(4103.7) = −9.16, p < .001]. These data show that the sleep-deprived participants were both more self-reportedly sleepy as well as cognitively slower at the time of testing.
Mixed Model Analysis
Mean response accuracy for general emotion recognition is shown in Figure 1 and the results of the model are shown in Table 5 . Mean accuracy for individual emotions can be found in Table S6 . Like in study 1, there were significant main effects of modality, difficulty, and emotion on the accuracy of emotion recognition. Audio-visual items showed higher accuracy scores than visual-only items (b = 0.56, z = 2.79, p = .02). Again, visual-only items were not significantly distinguishable from audio-only items (b = 0.32, z = 1.60, p = .25). Easy items showed greater accuracy than hard items (b = 1.13, z = 6.97, p < .001). However, there was no main effect of sleep deprivation on emotion recognition ability, nor any significant interaction effects. Although a significant interaction was found between sleep deprivation and emotion, there was no effect of sleep deprivation on the recognition of any individual emotion (see Table 6 ). Regarding reaction times, no main or interaction effects were observed for sleep deprivation (see Tables S7-S11 ).
Null Hypothesis Analysis Using Bayes Factor Estimates
Strong evidence was found for the null hypothesis regarding sleep deprivation (see Table 7 ). The BF estimates indicate the data to be 19 times more likely to occur under the null hypothesis. Similar to study 1, interactions between sleep deprivation, modality, or difficulty were also found to support the null hypotheses. Bayesian analysis revealed strong support for the null hypotheses, indicating that there is no difference between the sleep deprivation and normal sleep conditions, for all emotions apart from disgust, interest, irritation, and pleasure (see Table 6 ). When testing the null hypothesis that the effect of sleep deprivation was zero, disgust, irritation, and pleasure were found to have a BF between 0.33-3, suggesting that more data should be collected before drawing any conclusions. Interest had a BF of 0.26, which suggests that the data rather support an alternative hypothesis.
DISCUSSION
In two large studies using dynamic stimuli, we find that variations in recent sleep duration, either natural or experimental, have no effect on emotion recognition accuracy. Self-reported sleep quality was also found to be unrelated to emotion recognition ability, though a single positive association was found with the recognition of disgust. These findings, which were consistent across all modalities, contrast with much of previous literature on sleep and emotion recognition accuracy. More specifically, we do not replicate the overall impairment in emotion recognition that has been shown in a number of previous studies. 7, 8, 10 Additionally, we do not observe any distinctive impairment following sleep loss in the specific emotions previously shown, such as sadness, 10, 13 anger and happiness, 9 disgust, 12 or fear. 13 The relationship between better self-reported sleep quality and more accurate recognition of disgust is a novel finding, though intensity ratings of this emotion have previously been shown to be decreased after sleep deprivation. 12 Our results further indicate that neither sleep duration nor sleep deprivation was associated with impairment in recognising disgust. The relationship between self-reported sleep quality and recognition accuracy for disgust can therefore not be attributed to sleep time. Rather, it may be that other elements related to poor self-reported sleep quality could lead to this impairment. For example, depression has been linked to both decreased sleep quality 39 and deficits in recognizing facial expressions of disgust. 40 We suggest that future replications should assess the robustness of this finding.
There are a number of possible explanations for why our research does not replicate previous findings. The present studies have the advantage that participants were asked to judge multimodal dynamic stimuli, 19 whereas previous research has used static cartoon 7 or photo stimuli. [8] [9] [10] [11] [12] [13] Although those photographs have been taken from well-validated databases, 41, 42 the properties of static stimuli may make them more vulnerable to effects of sleep loss. Alternatively, the sensory information provided by dynamic stimuli might not be equally affected by sleep deprivation or may be impacted in a different way. Moreover, the addition of auditory and bodily information may give sleep-deprived participants the extra information they need in order to judge emotions accurately. 43, 44 Indeed, it has been suggested that dynamic information may improve emotion recognition in cases where this ability has been impaired. 45 It remains possible that the accuracy of inferring emotions from distinct parts of an expression is affected by sleep loss. However, since accuracy was not impaired in auditory-only, or visual-only, stimuli, this may only be the case for static information. Another possible reason for the different results is that most previous sleep-deprivation studies have used computer-generated morphed photographs to represent different intensities of emotion. 9, 10, 12, 13 Although this is a well-used technique, such morphed images have lower ecological validity, particularly as compared with stimuli where the intensity has been naturally manipulated. 46 The process of digital morphing may produce unnatural facial expressions with altered visual properties, requiring cognitive processing outside of typical emotion-recognition requirements, making the effects of sleep loss more apparent.
It is also important to highlight key differences in the dependent variables used in previous studies. Some studies asked participants to report the intensity of an emotion, rather than categorizing which emotion they believed was being portrayed. 9, 12, 13 The current study did not investigate intensity specifically, and it is possible that the perception of emotional intensity is altered following sleep loss, unrelated to emotion recognition accuracy. However, even if emotion perception is changed, it appears to have no noticeable effect on the ability to recognize emotions in others. Nonetheless, it remains conceivable that a change in intensity perception would have an impact on social behavior, distinct from that caused by misattributing the emotional state of others.
Finally, previously published findings may also relate to a publication bias of positive findings. The impact of this bias has been shown in a number of striking cases. 47 Given the current "replication crisis" 48 and "crisis of confidence" 49 within psychology, and science in general, it is necessary to emphasize the importance of replication and publication of null findings.
Nonetheless, despite conflicting with the majority of previous studies, some studies do appear to support our findings. For example, one small study did not find changes in emotion labeling over a period of extended wakefulness. 12 Additionally, insomnia patients were not found to show a decrease in emotion recognition accuracy. 13 These data, combined with those presented here, suggest that insufficient sleep is unlikely to have a measurable effect on emotion recognition accuracy.
There are a number of limitations to the studies presented here. Firstly, study 1 is restricted by the use of self-reported data only, which is less reliable than objective measurements of sleep. This also restricts the ability to account for wake after sleep onset in the measurement of sleep duration. That being said, the findings of study 1 are corroborated through the experimental sleep-deprivation results of study 2, lending them more strength. Similarly, although the participants for study 1 were young and reportedly healthy, it is possible that some may have misreported their health status in order to participate. This means that some participants may have had illnesses that could influence the results, such as depression or insomnia. In study 2, an autism scale was used to screen participants, which may have had the unwanted effect of reducing the variance in emotion recognition ability within our sample. However, given that the cut-off for autism was high and that recognition rates were approximately the same between the two studies, this likely did not impair the validity of the results. One could also argue that emotion recognition tasks are generally unrealistic. However, the ERAM task 18 appears to be a step in the right direction. The use of actors allows dynamic auditory and visual cues to be combined as they might in a real-life setting. 50 These clips have been previously shown to be reliable and believable, whereas accuracy rates are sensitive to changes in modality and intensity. 20 Our results also show the task to be sensitive to modality and difficulty, with recognition rates that do not appear to be subject to floor or ceiling effects. For both studies, there was no noticeable difference in accuracy between auditory-only and visual-only stimuli, however a significant benefit of audiovisual stimuli. This highlights the advantage of multi-model stimuli for aiding socio-emotional perception in participants. More broadly, it has been suggested that interpreting behavioural data alone could be misleading and that behavioural tests should be accompanied by physiological measures. 10 This may be especially relevant given that sleep loss leads to impairment of accuracy and speed on many tasks. 51 Nonetheless, given the consistent dearth of any sleep effects in the present studies, confirmed by Bayesian statistics, our data indicate that substantial effects of insufficient sleep on emotion recognition are unlikely. A final limitation is that participants were presented with each emotion only six times. While this is not optimal, it allowed for a greater breadth of emotions to be presented, while keeping the task relatively short.
Future research could investigate potential differences in perception of facial emotion intensity rather than categorization accuracy. While understanding which emotion someone is portraying is vital for social interaction, it is also important to be able to accurately infer how intensely that person is conveying it. Similarly, a subjective rating of confidence could also be investigated. Interestingly, since no differences in task reaction times were observed, future studies may benefit from investigating how resilient vigilance is to other socio-emotional stimuli. Such studies may benefit from using similar dynamic and multimodal stimuli as used here. It may also be beneficial to use such stimuli in combination with electrophysiological measurements of emotion perception. Additionally, while these studies focus on the effects of acute variations of sleep, it is still possible that chronic or severe forms of sleep loss can affect emotion recognition. Finally, since both studies had relatively young samples, the question remains whether these results can be generalized to older populations.
In summary, two separate studies found that normal sleep variation and one night of total sleep deprivation were not associated with impairment in emotion recognition accuracy. This was consistent across cross-sectional and experimental data. Self-reported sleep quality was found to be predictive of disgust recognition, but this relationship was not found for sleep duration or sleep deprivation. These studies therefore suggest that the human ability to accurately identify and categorize socioemotional information is resilient to acute insufficient sleep.
